removes the N-terminal signal peptide. We note, however, that the possibility of a sequencing error cannot In order to identify human cadherin-like genes, we carried out an iterative BLAST search of GenBank. We be ruled out. Finally, Pcdh3 is missing the coding sequence for the signal peptide and EC1 at one end of found several entries with numerous cadherin-like repeats clustered in the 5q31 region of human chromothe protein and the transmembrane and cytoplasmic domains at the other end. some 5. Computer-assisted and manual analyses of about 700 kb human genomic DNA sequences in this region revealed 52 novel human cadherin-like genes
The Pcdh␣ Gene Cluster Sequence analyses of the genomic DNA containing the organized into three tandem gene clusters (Figure 1) .
All of these genes belong to the cadherin superfamily
Pcdh␣ genes revealed the presence of at least 15 sequences encoding N-terminal cadherin-like extracellular and can be subdivided into three closely related families. The extracellular domains of all the encoded proteins and transmembrane domains highly homologous to the mouse CNR proteins. There are at least 13 highly similar contain six characteristic cadherin ectodomain repeats (EC1-6). They are similar to each other and to previously coding sequences (Pcdh␣1-13) and two more distantly related coding sequences designated Pcdh␣-c1 and published protocadherins. We have therefore designated these novel cadherin-like genes protocadherins Pcdh␣-c2 in the Pcdh␣ gene cluster. Figure 3A) . Similarly, the domain.
DNA sequence immediately upstream from the first nuThe cDNA sequences encoding the extracellular cleotide of the first constant region exon is a polypyriand transmembrane domains of Pcdh␣2, Pcdh␣7, and midine tract followed by a CAG consensus 3Ј splice Pcdh␣11 are highly similar but distinct. Moreover, each site sequence ( Figure 3B ). Thus, RNA splicing of each of these sequences is identical to a different 2400 nt variable region exon to the first constant region exon fragment of genomic DNA (data not shown). Thus, the must generate Pcdh␣ mRNAs. variable region of each protein is encoded by a distinct
The constant region of Pcdh␣ is encoded in three and unusually large exon (Figure 1 ). Because these sesmall exons that are separated from each other by two quences differ in individual Pcdh␣ cDNAs, we will refer large introns that have consensus 5Ј and 3Ј splice site to the large N-terminal exons as "variable region exons." sequences ( Figure 3B ). Interestingly, there are only two The cDNA sequences encoding the constant C-terminal predicted amino acid differences between sequences cytoplasmic domain of the Pcdh␣2, Pcdh␣7, and Pcdh␣11 encoded by the constant regions of the human Pcdh␣ proteins are identical to each other (data not shown) and the mouse CNR protocadherin genes (Figure 2A ), and will therefore be referred to as "constant region strongly suggesting a common function for the intracel- distinct patterns of cell-specific expression in the brain. However, the mechanisms by which the expression is regulated are not understood. Below, we consider four different models for the regulation of cell-specific protofrequently used for cell-specific expression in the vertecadherin gene expression. brate nervous system, little is known about the mechanisms involved (Black, 1998). In the second model, each of the variable region tranModels for Protocadherin Gene Regulation We consider at least four mechanisms that would be scripts is generated from a different promoter, so that each transcript extends through all of the downstream compatible with the observed organization of human protocadherin genes (Figure 6 ). The first two mechavariable and constant region sequences ( Figure 6B ). In order to produce a functional mRNA, the 5Ј-most exon nisms involve alternative splicing. In the first model, a single long transcript (over 200,000 nt) is transcribed, must be selectively spliced to the first constant region exon. This model predicts the presence of promoter and individual variable region exons are spliced to the first constant region exon ( Figure 6A ). This model resequences somewhere upstream from each variable region sequence and the absence of 3Ј splice sites upquires a common 5Ј noncoding leader exon that is joined to each variable region exon. In addition, there should be stream from each of these sequences. Thus, individual variable region exons are selected for expression by a 3Ј splice site somewhere upstream from each variable region coding sequence. Moreover, there must be a cell-specific promoter activation, followed by regulated alternative splicing. This model also requires a mechamechanism by which alternative splicing is regulated in a cell-specific manner. Although alternative splicing is nism to avoid all of the downstream 5Ј splice sites that lie between the first variable region sequence and the the immunoglobulin genes, the promoter closest to the first constant region exon. constant region is selectively activated by an enhancer In the third model, both the variable and constant located in the intron between the proximal variable reregion exons are transcribed from a different promoter, gion gene and the constant region. Thus, as shown in producing transcripts that are then trans-spliced to gen- Figure 6D , there may be a transcriptional enhancer seerate the mature mRNA ( Figure 6C ). In this model, reguquence located upstream from the first protocadherin lation is achieved by activating specific promoters in constant region exon, and this enhancer may activate different cells. trans-splicing is known to be a mechathe nearest variable region promoter. nism for generating mRNAs in lower eukaryotes (Nilsen, The possibility that a DNA rearrangement might play 1995), and artificial splicing substrates can be transa role in brain development and function is consistent spliced in mammalian nuclear extracts (Bruzik and Mawith the recent finding that mice deficient in genes reniatis, 1995; Chiara and Reed, 1995). In addition, one quired for double-stranded DNA break repair (XRCC4 case of exon duplication in vivo may be a consequence and LigIV) die during embryogenesis because of extenof trans-splicing (Caudevilla et al., 1998) Iwai, Y., Usui, T., Hirano, S., Steward, R., Takeichi, M., and Uemura,
